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HETERO CONJUGATE ANTIBODIES FOR TREATMENT OF HIV INFECTION 
p nff fr*n-ound fff t* ft Tnvention 
This invention relates to the treatment of Human 
5 immunodef iciency Virus injection. 

Human immunodeficiency Virus (HIV) , the etiologic 
agent of Acquired immunodeficiency Syndrome (AIDS), is a 
retrovirus which infects certain immune system cells, 
including T4 lymphocytes and CD4 + cells of the 
10 monocyte/macrophage lineage. In the absence of effective 
treatment, the mortality rate for AIDS patients 
approaches 100% (Fauci, Science 239:617, 1988). 

Well over 100 HIV variants have been identified. 
The amino acid sequence of the HIV envelope glycoprotein 
15 gpl20 is particularly variable; its amino acid sequence 
can vary by 20-25% from one strain to the next. In 
addition to strain to strain variability, there is a more 
subtle variation in genome sequence caused by the high 
error rate of reverse transcriptase. The 
20 misincorporation rate is high enough to introduce one 

error per genome per replication cycle. Consequently any 
particular viral isolate consists of a cohort of quasi- 
species. Further, the diversity and number of quasi- 
species apparently differs from one HIV variant to 
25 another. There is substantial evidence that these quasi- 
species evolve in vivo. For example, successive viral 
isolates from an infected individual reveal substantial 
temporal fluctuations in the proportion of various quasi- 
species (Meyehans, Cell 58:901, 1989). There is also 
30 evidence that neutralization-resistant HIV variants can 
arise through single-base changes in the viral sequence 
encoding gpl20 when HIV is grown in the presence of 
neutralizing antibodies (Reitz et al., Cell 54:57, 1988). 
inf ct d individuals initially mount a humoral and 
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cellular immune response against HIV, and ther is r ason 
to believe that an infected individual's immune response 
may actually encourage viral spread and the emergence of 
more resistant variants (KcCune et al., Cell 64:351, 

Human monoclonal antibodies directed against HIV 
proteins have been produced by hybridoma formation and 
Epstein Barr Virus transformation (Banapour et al., J. 
Immunol. 139:4027, 1987; Amadoci et al., AIDS Res. and 

10 Human .Retroviruses 5:73, 1989). 

More recently cytotoxic hybrid proteins composed 
of a cytotoxin fused to part of the CD4 receptor have 
been proposed as a way to destroy cells expressing HIV 
encoded proteins. This approach relies on the fact that 

15 the HIV envelope protein, gpl20, recognizes the CD4 

receptor, which is present on T4 lymphocytes and certain 
cells of the monocyte/macrophage lineage. Thus, a 
soluble derivative of CD4 might be used to target a 
cytotoxin to HIV infected cells that express surface 

20 gpl20. Chaudhary et al. (Nature 335:369, 1988) found 
that administration of a CD4-Pseudomonas exotoxin hybrid 
protein to a lymphocytic cell line chronically infected 
with HIV causes a decrease in overall protein synthesis. 
Till et al. (Science 242:1166, 1988) found that a CD4- 

25 ricin A fusion protein decreases DNA synthesis in 
cultures of chronically infected H9 cells. In a 
variation of this strategy, Capon et al. (Nature 337:529, 
1989) designed a hybrid protein composed of soluble CD4 
and the constant region of an antibody. This molecule is 

30 designed to direct immune system response to gpl20. 

Another molecule of this general type has been shown to 
activate complement (Traunecker et al. Nature 339:78, 
1989) . 

Heteroconjugate molecules consisting of two 
35 coval ntly joined antibodies r an antibody covalently 
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joined to a c 11- r virus-targeted protein have been 
proposed as a means by which to target cytotoxic cells to 
undesirable cells such as tumor cells and virally 
infected cells. Segal et al. (U.S. Patent Ho. 4,676,980) 
5 suggest the use of cross-linked hetero-antibodies to 
target immune system cells to unwanted or detrimental 
cells. Panger et al. (PCT publication WO91/00360) have 
proposed such heteroconjugates for treatment of AIDS. In 
particular, Fanger et al. suggest the use of a high 

10 affinity FC7 receptor-specific antibody fused to CD4 (or 
the CD4 binding domain of gpl20) for AIDS therapy. 
Fanger et al. al6o suggest the use of heteroantibodies 
consisting of an high affinity Fct receptor-specific 
antibody fused to an HIV-specific antibody such as anti- 

15 gpl20 antibody for AIDS therapy. Zarling et al. (EP 
Publication No. 03089.36) described heterocon jugate 
antibodies consisting of an antibody specific for an HIV 
antigen that is expressed on HIV infected cells cross- 
linked to a second antibody which is specific for an 

20 effector cell of the peripheral blood and which is 
capable of killing HIV infected cells. 

sumnarv of the Invention 
In general, the invention features a 
heterocon jugate antibody which includes a first and a 

25 second portion joined together covalently, the first 

portion includes an antibody directed against an antigen 
present on the surface of an effector cell of the 
peripheral blood, the second antibody portion includes an 
antibody directed against a V3 loop sequence of the gpl20 

30 envelope protein of HIV MN or a HIV MN viral variant 
expressed on the surface of HIV-infected cells, wherein 
the heterocon jugate antibody at an initial concentration 
of 20 ng/ml in a first mixed cell culture which includes 
effector cells and CEM-ss cells infected with HIV-MN 
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decreases th rev rse transcriptase activity f the first 
mixed culture cell by at least 80% compared to the 
reverse transcriptase activity of an otherwise identical 
second nixed cell culture which includes effector cells 
5 and the CEM-ss cells infected with HIV-HN, wherein the 
effector cells are in 3-fold excess over the CEM-ss cells 
in the first and second mixed cell cultures, the reverse 
transcriptase activity is measured ten days after 
infection, the heteroconjugate antibody and the effector 

10 cells are added to the CEH-ss cells in the first mixed 
cell culture 18 hours after infection, and the first and 
second cell cultures are infected with 100-1000 
infectious units of HIV-HN. 

in a preferred embodiment, the decrease in the 

15 reverse transcriptase activity of the first cell culture 
is greater than 90% compared to the reverse transcriptase 
activity of the second mixed cell culture. 

In another preferred embodiment, the 
heteroconjugate antibody at an initial concentration of 

20 200 ng/ml in a first mixed cell culture which includes 
effector cells and CEM-ss cells infected with an HIV 
strain other than HIV-HN decreases the reverse 
transcriptase activity of the first mixed culture cell by 
at least 50% compared to the reverse transcriptase 

25 activity of an otherwise identical second mixed cell 
culture which includes effector cells and said CEM-ss 
cells infected with the HIV strain other than HIV-MN, 
wherein the effector cells are in 3-fold excess over said 
CEH-ss cells in the first and second mixed cell cultures, 

30 the reverse transcriptase activity is measured ten days 
after infection, the heteroconjugate antibody and the 
effector cells are added to said CEH-ss cells in the 
first mixed cell culture 18 hours after infection, and 
the first and second cell cultures are infected with 100- 
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1000 infecti us wits f th HIV strain other than HIV- 
KN. 

In yet another preferred embodiment, the 
heteroeonjugate antibody binds to the V3 loop of an HIV 
5 strain other than HTV-MN. 

In other preferred embodiments, the effector cell 
is chosen from the group consisting of cytotoxic T 
lymphocytes, neutrophils, monocytes/macrophages, and 
large granular lymphocytes; and the antigen present on 

10 the surface of an effector cell is CD3. 

In a another preferred embodiment, the 
heteroeonjugate antibody at an initial concentration of 
20 ng/ml in a first mixed cell culture which includes 
effector cells and CEM-ss cells infected with HIV-III B 

15 decreases the reverse transcriptase activity of the first 
mixed culture cell by at least 80% compared to the 
reverse transcriptase activity of an otherwise identical 
second mixed cell culture which includes effector cells 
and the CEM-ss cells infected with HIV-III B , wherein the 

20 effector cells are in 3-fold excess over the CEM-ss cells 
in the first and second mixed cell cultures, the reverse 
transcriptase activity is measured ten days after 
infection, the heteroeonjugate antibody and the effector 
cells are added to the CEM-ss cells in the first mixed 

25 cell culture 18 hours after infection, and the first and 
second cell cultures are infected with 100-1000 
infectious units of HIV-II1 B . 

In yet another preferred embodiment, the 
heteroeonjugate antibody at an initial concentration of 

30 20 ng/ml in three or more mixed cell cultures each of 
which includes effector cells and CEM-ss cells infected 
with one of the HIV strains: Alabama, Duke 6587-5, Duke 
€587-7, Duke 7887-7, SF2, WMJ2, and IIIB, decreases the 
reverse transcriptase activity of each of the mixed cell 

35 culture by 80% compeared to the reverse transcriptase 
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activity of an otherwise id ntical nixed cell culture 
which includes effector cells and CEH-ss cells infected 
with the sane strain of HIV, wherein the effector cells 
are in 3-fold excess over the CEH-ss cells in the first 
5 and second nixed cell cultures, the reverse transcriptase 
activity is neasured ten days after infection, the 
heteroconjugate antibody and the effector cells are added 
to the CEH-ss cells in the first nixed cell culture 18 
hours after infection, and the first and second cell 

10 cultures are infected with 100-1000 infectious units of 
the strain of HIV. 

In a related aspect, the invention features a 
heteroconjugate antibody which includes a first and a 
second portion joined together covalently, the first 

15 portion includes an antibody directed against an antigen 
present on the surface of an effector cell of the 
peripheral blood, the second antibody portion includes an 
antibody directed against a V3 loop sequence of the gpl20 
envelope protein of HIV MN or a HIV HN viral variant 

20 expressed on the surface of HIV-infected cells, wherein 
. the heteroconjugate antibody at an initial concentration 
of 10 ng/ml in a first nixed cell culture which includes 
the effector cells and CEtt-ss cells infected with HIV-MN 
decreases the reverse transcriptase activity of the first 

25 nixed culture cell by at least 80% compared to the 

reverse transcriptase activity of an otherwise identical 
second nixed cell culture which includes the effector 
cells and the CEH-ss cells infected with HIV-MN, wherein 
the effector cells are in 3-fold excess over the CEH-ss 

30 cells in the first and second nixed cell cultures, the 
reverse transcriptase activity is neasured ten days after 
infection, the heteroconjugate antibody and the effector 
cells are added to the CEH-ss cells in the first nixed 
cell culture 18 hours after infection, and the first and 
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second cell cultur s ar infected with 100-1000 
infectious wits of HIV-MN. 

In a related aspect, the invention feature a 
heteroconjugate antibody which includes a first and a 
5 second portion joined* together covalently, the first 
portion includes an antibody directed against an antigen 
present on the surface of an effector cell of the 
peripheral blood, the second antibody portion includes an 
antibody directed against a V3 loop sequence of the gpl20 

10 envelope protein of HIV HN or a HIV MM viral variant 
expressed on the surface of HIV-infected cells, wherein 
the heteroconjugate antibody at an initial concentration 
of 5 ng/ml in a first mixed cell culture which includes 
effector cells and CEM-ss cells infected with HIV-MN 

15 decreases the reverse transcriptase activity of the first 
nixed culture cell by at least 80% compared to the 
reverse transcriptase activity of an otherwise identical 
second mixed cell culture which includes effector cells 
and the CEM-ss cells infected with HIV-MN, wherein the 

20 effector cells are in 3 -fold excess over the CEM-ss cells 
in the first and second mixed cell cultures, the reverse 
transcriptase activity is measured ten days after 
infection, the heteroconjugate antibody and the effector 
cells are added to the CEM-ss cells in the first mixed 

25 cell culture 18 hours after infection, and the first and 
second cell cultures are infected with 100-1000 
infectious units of HIV-MN, 

In another related aspect, the invention features 
a heteroconjugate antibody which includes a first and a 

30 second portion joined together covalently, the first 

portion includes an antibody directed against an antigen 
present on the surface of an effector cell of the 
peripheral blood, the second antibody portion includes an 
antibody directed against a V3 loop sequence of the gp!20 

35 envelope protein of HIV MN or a HIV MN viral variant 
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expressed on the surfac £ HIV-infected cells, wh rein 
the heteroconjugate antibody at an initial concentrate n 
of 1 ng/ml in a first mixed cell culture which includes 
effector cells and CEH r ss cells infected with HIV-MH 
decreases the reverse transcriptase activity of the first 
nixed culture cell by at least 80% compared to the 
reverse transcriptase activity of an otherwise identical 
second nixed cell culture which Includes effector cells 
and the CEM-ss cells infected with HIV-MN, wherein the 
effector cells are in 3-fold excess over the CEM-ss cells 
in the first and second mixed cell cultures, the reverse 
transcriptase activity is measured ten days after 
infection, the heteroconjugate antibody and the effector 
cells are added to the CEM-ss cells in the first mixed 
cell culture 18 hours after infection, and the first and 
second cell cultures are infected with 100-1000 
infectious units of HIV-MN. 

in a related aspect, the invention features a 
heteroconjugate antibody which includes a first and a 
second portion joined together covalently, the first 
portion includes an antibody directed against an antigen 
present on the surface of an effector cell of the 
peripheral blood, the second antibody portion includes an 
antibody directed against the amino acid sequence GPGRAF. 

in a preferred embodiment, the heteroconjugate 
antibody at an initial concentration of 20 ng/ml in a 
first mixed cell culture which includes effector cells 
and CEH-ss cells infected with HIV-MN decreases the 
reverse transcriptase activity of the first mixed culture 
cell by at least 80* compared to the reverse 
transcriptase activity of an otherwise- identical second 
mixed cell culture which includes cells and the CEM-ss 
cells infected with HIV-MN, wherein the effector cells 
are in 3-fold excess over the CEM-ss cells in the first 
and second mixed cell cultures, the reverse transcriptase 
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activity is m asur d ten days after inf ction, th 
heteroconjugate antibody and the f f ector cells ar add d 
to the CEM-ss cells in the first mixed cell culture 18 
hours after infection, and the first and second cell 
5 cultures are infected * with 100-1000 infectious units of 
HIV-KN. 

in a related aspect, the invention features a 
heteroconjugate antibody which includes a first and a 
second portion joined together covalently, the first 

10 portion includes an antibody directed against an antigen 
present on the surface of an effector cell of the 
peripheral blood, the second antibody portion includes an 
antibody directed against the amino acid sequence 
■ IXIGPGR, wherein X = any amino acid, 

15 m a preferred embodiment, the heteroconjugate 

antibody at an initial concentration of 20 ng/ml in a 
first mixed cell culture which includes effector cells 
and CEM-ss cells infected with HIV-MN decreases the 
reverse transcriptase activity of the first mixed culture 

20 cell by at least 80% compared to the reverse 

transcriptase activity of an otherwise identical second 
mixed cell culture which includes effector cells and the 
CEM-ss cells infected with HIV-MN, wherein the effector 
cells are in 3 -fold excess over the CEM-ss cells in the 

25 first and second mixed cell cultures, the reverse 
transcriptase activity is measured ten days after 
infection, the heteroconjugate antibody and the effector 
cells are added to the CEM-ss cells in the first mixed 
cell culture 18 hours after infection, and the first and 

30 second cell cultures are infected with 100-1000 
infectious units of HIV-MN. 

In a related aspect, the invention features a 
heteroconjugate antibody which includes a first and a 
second portion joined together covalently, the first 

35 portion includes an antibody directed against an antigen 
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pr sent on the surface of an ffector cell of the 
peripheral blood, the second antibody portion includes an 
antibody directed against the amino acid sequence 
QARILAVERStlKDQQLLGIWCCSCKLIC. 

5 in a preferred embodiment, the heteroconjugate 

antibody at an initial concentration of 20 ng/ml in a 
first mixed cell culture which includes effector cells 
and CEH-ss cells infected with HIV-HN decreases the 
reverse transcriptase activity of the first mixed culture 

10 cell by at least 80% compared to the reverse 

transcriptase activity of an otherwise identical second 
mixed cell culture which includes effector cells and the 
CEH-ss cells infected with HIV-HN, wherein the effector 
cells are in 3-fold excess over the CEH-ss cells in the 

15 first and second mixed cell cultures, the reverse 
transcriptase activity is measured ten days after 
infection, the heteroconjugate antibody and the effector 
cells are added to the CEM-ss cells in the first mixed 
cell culture 18 hours after infection, and the first and 

ZO second cell cultures are infected with 100-1000 
infectious units of HIV-MN. 

In other preferred embodiments, the effector cell 
is chosen from the group consisting of cytotoxic T 
lymphocytes, neutrophils, monocytes/macrophages, and 

25 large granular lymphocytes; and the antigen present on 
the surface of an effector cell is CD3. 

in another aspect, the invention features a 
pharmaceutically acceptable composition which includes a 
pharmaceutically effective amount of a heteroconjugate 

30 antibody described above. 

In a related aspect, the invention features a 
method for treating a patient infected with HIV, the 
method includes administering to the patient the above- 
described pharmaceutically acceptable composition. 
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In an ther aspect, the invention featur s an HIV- 
targeted effector cell which includes: (a) an effector 
cell expressing a cell surface antigen; and (b) an above- 
described heterocon jugate antibody. 
5 In a related aspect, the invention features a 

method for treating a patient infected with HIV; the 
method includes administering to the patient the above- 
described HIV-targeted effector cell. 

The MN prototype virus is defined by a particular 
10 amino acid subsequence within the V3 loop region of the 
gpl20 envelope protein having positions A 1 -^A 17 : K-R-K-R-I- 
H-I-G-P-G-R-A-F-Y-T-T-K. (Amino acid sequences are 
presented in the standard single-letter code throughout.) 
MN viral variants are variant which exhibit complete 
15 amino acid sequence homology at residues I-G-P-GrR# i.e., 
at positions A 7 through A u , and at least 36% homology 
with the remaining 12 amino acids of the HIV-MN sequence 
given above. 

By "directed against" is meant that an antibody binds to 
20 the indicated antigen. The V3 loop of gpl20 is defined 
as the 36 amino acid region from amino acid 303 to 338, 
inclusive, according to the gpl20 numbering scheme of 
Ratner et al. (Nature 313:277, 1985). 

The heterocon jugate antibodies of the invention 
25 are highly effective; even at low concentrations they are 
capable of nearly eliminating viral replication as judged 
by a reverse transcriptase assay. The preferred 
heteroconjugate antibodies are those which are effective 
against more than one strain. 
30 Other features and advantages of the invention 

will be apparent from the following description of the 
preferred embodiments thereof, and from the claims. 



Detailed Description 
The drawings are first briefly described. 
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Figure 1 is a graphical representation f th 
effect of a mixture of unconjugated OKT3 antibody and 
59.1 antibody- (filled diamonds) and OKT3/59.1 
heteroconjugate antibody (open squares) on the reverse 
5 transcriptase activity of CEH-ss cells infected with HIV- 
III, in the presence of cytotoxic T-lymphocytes. Reverse 
transcriptase activity (cpm/10 jil) is presented as a 
function of the initial antibody concentration (ng/ml) in 
the cell culture. 

10 Figure 2 is a graphical representation of the 

effect of a mixture of unconjugated 0KT3 antibody and 
59.1 antibody (filled diamonds) and OKT3/59.1 
heteroconjugate antibody (open squares) on the reverse 
transcriptase activity of CEH-ss cells infected with HIV- 

15 MN in the presence of cytotoxic T-lymphocytes. Reverse 
transcriptase activity (cpm/10 Ml) is presented as a 
function of the initial antibody concentration (ng/ml) in 
the cell culture. 

Figure 3 is a graphical representation of the 

20 effect of a mixture of unconjugated 0KT3 antibody and 
59.1 antibody (open circles) and OKT3/59.1 
heteroconjugate antibody (filled circles) on the reverse 
transcriptase activity of CEM-ss cells infected with HIV- 
Illg in the absence of cytotoxic T-lymphocytes. The 

25 reverse transcriptase activity of HIV-III B infected CEM- 
ss cells in the presence of cytotoxic lymphocytes only 
(filled triangle) ; HIV-IIIj infected CEH-ss cells alone 
(open triangle) ; and uninfected CEH-ss cells alone 
(filled square) is also indicated. Reverse transcriptase 

30 activity (cpm/10 pi) is presented as a function of the 
initial antibody concentration (ng/ml) in the cell 
culture (except for those cases in which no antibody was 
added) . 

Figure 4 is a graphical representation of the 
35 effect of the ratio f cytotoxic T-lymph cytes to HIV-MN 
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The h teroconjugate antibodies f the invention 
are highly potent. Even at relatively low 
concentrations, these heterocon jugate antibodies are 
capable of substantially reducing HIV activity in a mixed 
5 cell culture of HIV infected cells and effector cells. 
The most preferred heteroconjugate antibodies are those 
which are both highly potent and broadly reactive. 
Broadly reactive heteroconjugate antibodies are those 
which are effective against more than one strain of HIV. 

10 For example, a broadly reactive heteroconjugate antibody 
might be effective against HIV-KN and HIV-SF2 or HIV-HN 
and HT7-WMJ2, or HIV-MN and HlV-IIIg. 

The portion of the heteroconjugate antibody which 
is directed against a cytotoxic immune effector cell 

15 capable of killing HIV infected cells recognizes an 
antigen present on the surface of cells such as: 
cytotoxic T-lymphocytes, monocytes /macrophages, large 
granular lymphocytes (including cells and NK cells) , and 
neutrophils. Preferably, the immune effector cell- 

20 directed antibody binds to an antigen on the surface of 
the effector cell in a manner which triggers cytolytic 
activity. For example, the antigen recognized can be the 
CD3 receptor or the CD16 (Fc) receptor. Less preferred 
are antibodies directed to receptors which require 

25 multiple signals to initiate cytolytic activity (e.g., 
the CD2 and CD28 receptors) . 

The portion of the heteroconjugate antibody which 
is directed against an antigen present on the surface of 
HIV infected cells preferably recognizes: (1) an epitope 

30 within the V3 loop sequence of the gpl20 envelope protein 
of the MN prototype of HIV-1 (HIV-MN) ; (2) an epitope 
within the V3 loop sequence of the gpl20 envelope protein 
of a viral variant of the MN prototype of HIV-1 ; or (3) 
an epitope within the portion of gp41 between amino acids 

35 584 to 611, inclusive. 
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The V3 loop of gpl20 is the 36 amino acid r gion 
from amino acid 303 to 338, inclusive, according to the 
gpl20 numbering scheme of Ratner et al. (Nature 313:277, 
1985) . The HK prototype of H1V-1 is defined by the 
5 following amino acid subsequence within the V3 loop of 
gpl20: K-R-K-R-I-H-I-G-P-G-R-A-F-Y-T-T-K (A l -A 17 ) . MN 
viral variants are variants which exhibit complete amino 
acid homology at residues I-G-P-G-R/ i.e. » positions A 
through A 11 , and at least 36% homology with the remaining 
10 12 amino acids of the MN sequence given above. 

The above-described HIV-directed antibodies are 
good candidates for use in generating heteroconjugate 
antibodies which are highly potent. In some cases, 
however, the heteroconjugates formed will not be highly 
15 potent. Ultimately the usefulness of a particular HIV- 
directed antibody for production of a heteroconjugate 
antibody of the invention can only be assessed by 
producing a heteroconjugate antibody, for example by 
covalently linking the HIV-directed antibody to an anti- 
20 CD3 antibody, and measuring the potency of the 
• heteroconjugate antibody in an appropriate assay. Once a 
: particular HIV-directed antibody has been shown to be 
useful for generating a potent heteroconjugate antibody, 
it can be used to generate other heteroconjugate 
25 antibodies by covalently linking it to other effector 
cell antigen-directed antibodies. 

As discussed above, the most preferred 
heteroconjugate antibodies are those which are broadly 
reactive as well as highly potent. HIV-directed 
30 antibodies which recognize: (1) an epitope having the 
sequence G-P-G-R-A-F; (2) an epitope having the sequence 
I-X-I-G-P-G-R, where X is any amino acid; or (3) an 
epitope within the portion of gp4l between amino acids 
584 to 611 (according to the numbering scheme of Ratner 
35 et al. f supra), inclusiv ar likely to be useful for 
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infected CEM-ss cells on reverse transcriptase activity 
in the presence of l jtg/ml OKT3/59.1 heterocon jugate 
antibody. Reverse transcriptase activity (cpm/10 fxl) is 
presented as a function of the cytotoxic lymphocyte to 
5 CEM-ss cells (log XQ scale) • 

Figure 5 is a set of graphs which illustrate the 
effect of cytotoxic T-lymphocytes and OKT3/59.1 
heterocon jugate antibody (open squares) and a mixture of 
unconjugated OKT3 antibody and 59.1 antibody (filled 

10 triangles) on the reverse transcriptase activity of CEM- 
ss cells infected with HIV-MN (panel A) , HIV-Alabama 
(panel B) , HIV-Duke 7887-7 (panel C) , HIV-Duke 6587-5 
(panel D) , HIV-Duke 6587-7 (panel E) , HIV-III B (panel F) , 
HIV-SF2 (panel G) , and HIV-WMJ2 (panel H) . In each case, 

15 a control is included where neither antibodies or 
cytotoxic T-lymphocytes were added (filled circles) . 
Reverse transcriptase activity (cpm/10 pi) is presented 
as a function of the number of days post-infection. 

Figure 6 is a graphical representation of the 

20 effect of a mixture of conjugated 0KT3 antibody and 6C5 
antibody (open circles) and 0KT3/6C5 heterocon jugate 
antibody (filled circles) on the reverse transcriptase 
activity of HIV-III B infected CEM-ss cells. Reverse 
transcriptase activity (cpm/10 pi) is presented as a 

25 function of the initial antibody concentration (ng/ml) in 
the cell culture. 

Heteroconiuqate Antibodies for AIDS Therapy 

The molecules of the invention are heterocon jugate 
antibodies produced by covalently attaching a first 
3D antibody which is directed against an antigen present on 
the surface of a cytotoxic immune effector cell capable 
of killing an HIV infected cell to a second antibody 
which is directed against an HIV antigen present on the 
surface of HIV infected cells. 
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generating highly P tent and broadly reactive 
heteroconjugate antibodies. This does not imply that 
antibodies recognizing other epitopes within the V3 loop 
of HIV-MK, the V3 loop* of an HIV-HN viral variant, or 
5 gp41 cannot be used to produce a highly potent, broadly 
reactive heteroconjugate antibodies. 

Described below are techniques for generating and 
screening HIV-directed antibodies useful for preparation 
of heteroconjugate antibodies, methods for the 
10 preparation of heteroconjugate antibodies, and methods 
for assessing the potency and breadth of reactivity of 
heteroconjugate antibodies. In order to generate broadly 
reactive heteroconjugate antibodies it is useful to 
select HIV-directed antibodies which recognize a broad 
15 range of HIV strains (i.e., antibodies which are not 

strain specific) . It is also useful to select antibodies 
which are directed against the amino acid sequence: G-P- 
G-R-A-F; or the amino acid sequence: l-X-I-G-P-G-R, where 
X is any amino acid; or an epitope within the portion of 
20 gp41 from amino acid 584 to amino acid 611. These 
antibodies can be identified using standard epitope 
napping techniques as described below. 

Generally, the steps for generating and selecting 
useful HIV-directed antibodies include: (1) generation of 
25 hybridomas and selection of hybridomas producing reactive 
antibodies; (2) selection of hybridomas producing 
antibodies capable of binding to cells expressing HIV 
envelope protein; (3) amplification and purification of 
selected monoclonal antibodies; (4) analysis of antibody 
30 reactivity using gpl20 V3 loop peptides or gp41 derived 
peptides; and (5) epitope mapping. As mentioned above 
not all of these steps are essential. It is possible to 
simply follow steps 1 through 3 and use the purified 
antibodies to prepare heteroconjugate antibodies whose 
35 pot ncy and breadth f reactivity can be analyz d using 
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the reverse transcriptase assay described herein below. 
To generate a h teroconjugat antibody f th invention, 
a purified HIV-directed antibody is covalently attached 
to an antibody directed against an immune effector cell. 
5 The potency and reactivity of heteroconjugate antibodies 
can be measured in a mixed cell culture of effector cells 
and HIV-infected cells using a reverse transcriptase 
assay. 

Heteroconjugate antibodies may be formed using any 
10 convenient cross-linking method. Suitable cross-linking 
methods include: SPDP, SPDP and SMCC, and biotin-avidin. 
Segal et al. (U.S. Patent 4,676,980) describes a number 
of cross-linking techniques. Alternatively, the 
antibodies can be linked by the generation of bispecif ic 
15 antibodies via hybrid-hybridomas (Suresh et al.,.tfethods 
in Znzynology 121:210, 1896) or by genetic engineering. 
Proration of HTV-directed Antibodies 

Antibodies useful for the preparation of the 
heteroconjugate molecules of the invention may be 
20 generated and screened as described below. Methods for 
preparing and analyzing antibodies directed towards the 
V3 loop of HIV-MN of an HIV-MN viral variant are also 
described in U.S. Application No. 07/665,306, filed March 
6, 1991, hereby incorporated by reference. 
25 preparation of the Immunoaen 

One group of HIV-directed antibodies useful for 
production of heteroconjugate antibodies recognize 
sequences within the V3 loop of HIV-MN or an HIV-MN viral 
variant. Accordingly, the immunogen used to generate 
30 these antibodies can include: gpl60, gpl20, fragments of 
gpl20 or gpl60 which include all or part of the V3 loop, 
or synthetic peptides which include all or part of the V3 
loop. In all cases the V3 loop sequences is that of HIV- 
MN or an HIV-MN viral variant. Preferred immunogens for 



WO 92/20373 



PCT/US92/03616 



- 18 - 

generating V3 1 op directed antibodies include th RP70 
peptide formed into a closed loop (described below) . 

The other group of HIV-directed antibodies useful 
for production of heteroconjugate antibodies recognize 
5 sequences within the region of gp41 spanning amino acids 
584-611. The immunogens used to generate these 
antibodies can include: gpl60 f gp41 f and fragments of 
gpl60 or gp41 which include all or part of the sequence 
lying between amino acids 584 and 611 of gp41, i.e., Qr 

10 A-R-I-L-A-V-E-R-Y-L-K-D-Q-Q-L-L-G-I-W-G-C-S-G-K-L-I-C. 

The immunizing peptide, polypeptide or protein may 
be in linear form or alternatively may contain the V3 
loop formed into a closed loop by creation of a disulfide 
bond between cysteine residues at the termini of the V3 

15 loop sequence. If the immunizing peptide contains more 
than one V3 loop, each may be separately formed into a 
loop through disulfide bonding. 

Synthetic peptides containing the desired 
sequences can be synthesized by automated peptide 

20 synthesis using an automated peptide synthesizer. Intact 
recombinant gpl60 envelope polypeptide can be produced in 
insect cells using a baculovirus expression system and 
purified as described in Rusche et al., U.S. Application 
Ho. 091,481, filed August 31, 1987, assigned to the same 

25 assignee as the present invention, hereby incorporated by 
reference. 

Synthetic peptides or protein fragments to be used 
as immunogens can be either unconjugated or conjugated to 
an immunogenic carrier, e.g., keyhole limpet hemocyanin 
30 (KLH) or ovalbumin, using succinyl maleimidomethyl 
cyclohexanylcarboxylate (SMCC) as a conjugation agent 
(Yoshitake et al., J. Blochem. 92:1413, 1982), as 
follows. 

Briefly, 1 mg of SMCC dissolved in 50 nl of 
35 dimethylformamide is added to 6 mg f carrier (at a 
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concentration f 10-20 mg/ml in 0.1M NaPO^, pH 6.5) and 
incubated at room temperature for 0.5 h. The s luti n is 
then passed through a Sephadex G-25 column to remove 
excess unreacted SMCC and 2 mg of peptide is added 
5 (suspended in a degassed solution of 0.1M NaP0 4 , pH 8, 
lmH EDTA at a concentration of 10 mg/ml) . The solution 
is mixed by H 2 gas and incubated at 4-C overnight. The 
sample is then dialysed in 6M urea, 0.1H HaP0 4# pH 7 
until the precipitate dissolves. The sample is next 

10 eluted through a BioGel P-10 column equilibrated in 6M 
urea, 0.1M NaP0 4 . The voided protein is collected and 
dialyzed in distilled H 2 0. 

The sequences of several peptides (RP142, RP70, 
RP342, RP100, SP102, RP108, RP123C, and RP174c) useful in 

15 inmunogens are shown in Table 1. This list is not meant 
to be exhaustive; it merely lists a few of the peptides 
which may be used as immunogens. 

Table It E»»tmlM Bf l»«ntetd«B TllWflll *B IfnmngWIW . 

RP142 rHXRKRXHXOPGRAFTTTKNXXG (C) 

20 RP342 IHIOPGRAFYT 

RP70 jHCTRPHYRKKKRIHIOPGRAFyTTKH 

ZXGTZRQABCNZS 

RMO0 (SCO) TRKOXHXCPGRAXY (CCSC) 

RP102 (SOO) TRKSXSIGPQRAF (OGSC) 

25 RP108 (SGG)HXGPGRAFYATO(GGSC) 

RP123C (C) H X G P G R A F (C) 

RP13S (IXX.J HHTRRSXRXQROPGRAFVTXGKIG(C) 

RPi74e <c) »miix«iiii8RG?flarviioxiB 

(C) 

30 RP339 (RF) ITKCPORVXY(C) 

Hotet Amino acids In paranth«»» arm not in the natural ■•queue, of 

fh» i n diMt«< inoiate 

Peptides RP70, FP123c, and FP174c can be formed 
into closed loops by creation of a disulfide bond between 
35 the two cysteine residues near the ends of the amino acid 
sequence. A method for creating such a bond is described 
in. Zhang et al. (Biochemistry 27:3785, 1988). 



SUBSTITUTE SHEET 



WO 92/20373 



PCT/US92/03616 



- 20 - 



The peptides wer prepared f r immunization by 
emulsif ication in complete Freund's adjuvant according t 
standard techniques. (CFA, Difco Labs, Grand Island, NY) . 
ffm-rntf"" " f wrv-rHrprtpri Antibodies 
5 HIV-directed antibodies were prepared by 

intraperitoneal immunization of mouse strains (Balb/c, 
C57BL/6, A.SW, BIO. BR, or B10.A, Jackson labs., Bar 
Harbor, ME) with 10-50 pg per mouse of circularized RP70 
(Table 1) or recombinant gpl60. The mice were given 

10 booster immunizations of the immunogen, either in an 
emulsification of incomplete Freund's adjuvant or in 
soluble form, two to three times at two to four week 
intervals following the initial immunization. Mice were 
bled and the sera assayed for the presence of antibodies 

15 reactive with the immunogen. Mice showing a strong 
serological response were boosted and, 3-5 days later, 
spleen cells from these mice were fused with NS-1 
(A.T.C.C. NO. TIB18), SP2-0 (A.T.C.C. No. CRL8287, 
CRL8006), or P3.X63.AG8.653 myeloma cells incapable of 

20 secreting both heavy and light immunoglobulin chains 

(Kearney et al., J • Jmnunol. 123:1548, 1979) by standard 
procedures based on the method of Kohler and Milstein, 

(Nature 256:495, 1975). 

Supernatants from hybridomas which appeared 6-21 

25 days after fusion were screened for production of 

antibodies by an ELISA screening assay, as follows. The 
RP70 peptide was used to screen RP70 generated 
hybridomas, and a peptide whose amino acid sequence is 
identical to that of residues 567-647 of gp41, was used 

30 to screen gpl60 generated hybridomas. 

Each well of a 96-well Costar flat-bottom 
microtiter plate was coated with the peptide by placing a 
50 itl aliquot of a PBS solution containing the peptide at 
a final concentration of 0.1-10 /»g/ml in each well. The 

35 peptide solution was aspirated and replaced with PBS + 
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0.5% BSA. Following incubati n, the veils were 
aspirated, washed, and 50 §il of hybridoma supernatant was 
added. Following incubation, the wells were washed 3 
tines with PBS, and then incubated with 50 jil of an 
5 appropriate dilution of goat anti-mouse immunoglobulin 
conjugated with horseradish peroxidase (HRP, Zymed 
Laboratories, San Francisco, CA) . The wells were washed 
again 3 times with PBS and 50 jil of laM ABTS (2,2 azino- 
bis ( 3 -ethylbenzthiazo line- 6 -sulfonic acid) in 0.1M Na- 

10 Citrate, pH 4.2, to which a 1:1000 dilution of 30% H 2 0 2 
had been added), the substrate for HRP, was added to 
detect bound antibody. HRP activity was monitored by 
measuring the absorbance at 410nm. 

Hybridomas that test positive by the ELISA method 

15 can be tested for their ability to bind to cells which 
express the HIV envelope protein. In one 6uch assay 
recombinant vaccinia virus expressing a the env gene of a 
particular HIV strain are used to infect cells of the 
CD4+ human T-lymphoma line, CEM-ss (AIDS Research and 

20 Reference Reagent Program, Rockville, MD, catalog #776) . 
Hybridoma supernatant (or purified antibodies) are 
incubated with the infected cells, and antibody binding 
is detected by indirect immune florescence using a 
secondary antibody and a florescence activated cell 

25 sorter. As a control, binding to otherwise identical 
cells which do not express an HIV env gene is measured. 
Hybridomas producing antibodies which bind to env 
expressing cells (but not to non-expressing cells) are 
then selected for further characterization. Cells 

30 expressing the env gene of any HIV strain may be prepared 
as described below. 

In some cases (for neutralizing antibodies) an 
assay for inhibition of syncytia formation can be used to 
assess HIV-directed antibodies. In this assay the 

35 antibody is added to a mixture of HIV-infected and 
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uninf cted cells and giant cell format! n is monitored. 
This assay is described in detail in U.S. Application Ho. 
07/665,306, filed March 6, 1991, hereby incorporated by 
reference. 

5 p r^T-ation o^ HTV env Fvpi-easinff Oils PsilW ft 

T^rrmnHnnnt Vf^' 1 " 4 " vlrus 

An assay for binding to cells expressing an HIV 
env gene can employ cells infected with a vaccinia vims 
expressing an HIV env gene rather than actual HIV 

10 infected cells. Construction of a recombinant vaccinia 
virus capable of expressing the full-length HTV envelope 
gene from a vaccinia virus promoter is described in EP 
Publication No. 0 243 029, hereby incorporated by 
reference. The recombinant vector pSC25, containing the 

15 HIV env gene and the lacZ gene of E. coli expressed from 
a second vaccinia virus promoter, and flanked by vaccinia 
viral sequences which together encode thymidine kinase 
(TK) , was used to produce the recombinant virus. 

A recombinant vector that contains DNA encoding an 

20 envelope gene having the specificity of the HIV-MN 

variant was prepared by removing a 570 bp Bglll fragment 
(encoding 180 amino acids) from the HIV-III B env gene 
which spans the region of the VS loop in pSC25, and 
replacing it with the analogous Bglll fragment from the 

25 HIV-MN env gene. The resulting plasmid, pSCR2502, 
contained a hybrid envelope gene which encoded an 
envelope protein having the principal neutralizing domain 
of the HN virus and the remainder of the env gene 
sequence from the HTV-IIIg envelope. 

30 A smaller region of the HIV-MN gpl60 protein can 

be used in place of the 180 amino acid replacement just 
described? e.g. , DNA encoding the 36 amino acid V3 loop 
from any HIV strain can be inserted into the envelope- 
encoding DNA in place of the corresponding III B DNA 

35 sequence. Alternatively, a recombinant could be used 
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which contains th compl te HIV-HN nv gen . Multiple 
HIV envelope expressing strains are useful for assessing 
the specificity of an antibody. 

The recombinant vector pSCR2502 was transfected 
5 into CV-1 host cells that had been pre-inf acted with 
vaccinia virus containing an intact TK gene. The HIV 
envelope gene was integrated into the viral DNA by 
homologous recombination between the TK sequences on the 
vector and the TK sequences within the viral genome, 

10 Recombinants containing the HIV envelope gene were 

selected by infection of TK- cells and plating on media 
containing bromodeoxyuridine (BUdR) and X-gal. BUdR is 
toxic to TK + cells and thus selects for TK" recombinants; 
X-gal is a chromogenic substrate cleaved by the product 

15 of the lacZ gene which results in the production of blue 
plaques where the lacZ gene is expressed and further 
identifies the recombinant virus which also contains the 
HIV-env gene. 

^nfcjbQdv Purification and Amplification 

20 Hybridomas that tested positive for peptide 

binding in the ELISA assay were subcloned by the limiting 
dilution method. Hybridoma cells and irradiated 
splenocytes from nonimmunized syngeneic mice (final 
concentration 5 cells/ml and 2.5 x 10 6 cells/ml, 

25 respectively) were mixed and 200 pi of the mixed 

suspension were plated in microtiter wells to give 1 
hybridoma cell per well. Subclones which appeared 7-14 
days later were assayed again by the ELISA procedure 
described above. Representative positive subclones were 

30 subcloned a second time. 

The isotypes of the antibodies were determined by 
the ELISA method using goat anti-mouse-HRP preparations 
which corresponded to each of the five major mouse 
immunoglobulin isotypes (IgM, IgGl, IgG2A, IgG2B and 

35 IgG3). 
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20 



Purified antibodies were prepar d by inj cting 
hybridoma subclones that repeatedly tested positive by 
ELXSA and syncytium inhibition assays intraperitoneal!^ 
into pristane-primed syngeneic mice. The ascites which 
developed were recovered two to three weeks **** 
injection and the monoclonal antibodies were purified as 
follows, using procedures which were dependent on the 
isotype of the antibody. Following elution, all igC 
antibodies were dialyaed against PBS. 

IgM antibodies were purified by 50% NH 2 S0 4 
precipitation of ascites fluid from mice injected with 
the corresponding hybridoma cells, and then dialysis of 
the precipitate against 4X PBS. The dialyzed antibody 
was then passed over an Ultrogel A-6 column 
(Biotechnics, villeneuve-La-Garenne, France) pre- 
cguilibrated with 4X PBS. The antibody-containing 
fraction was identified using ELISA. 

Ascites fluid containing igGl antibodies was 
diluted 4-fold in 0.1M Tris-HCl, 3M NaCl, pH 8.9, and 
isolated by passage through a Protein A-Sepharose~ 
affinity column equilibrated with the same Tris-NaCl 
buffer. The antibody was eluted using 0.1M Na-citrate, 

PK Ascites fluid containing IgG2 antibodies was 
diluted two-fold in PBS, and then bound to a Protein-A- 
Sepharose affinity column equilibrated with PBS. It was 
then eluted from the column with 0.15M NaCl, 0.1M acetic 
acid, pH 3.0. Following elution, the antibody was 
immediately neutralized by the addition of 1M Na^. 

Ascites fluid containing IgG3 antibodies was 
diluted 4-fold in 0.1M Tris-HCl, 3M NaCl, pH 8.9, passed 
over a Protein-A-Sepharose affinity column, and antibody 
was eluted from the Protein A column with 0.15M NaCl, 
0.1H acetic acid. 
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Alternatively, all igG subclasses can be purified 
by the following procedure. Ascites fluid is diluted 2- 
fold in 0.1H Tris-HCl, 3M HaCl pH 8.9, passed over 
Protein A Sepharose affinity column, and eluted with 
5 0.15M NaCl, 0.1M acetic acid, pH 3.0. 
Pft^ftn^^ 10 " Qf *"**fa°dv specificity 

Assays described below can be used for 
determination of the strain specificity of HIV-directed 
antibodies and to map the epitope recognised by HTV- 

10 directed antibodies. Some or all of these assays may be 
used to select HIV-directed antibodies for production of 
heterocon jugate antibodies. The assay for binding to 
cells expressing an HIV env gene described above can also 
be used to assess antibody specificity. The epitope 

15 recognized by the V3-directed antibodies can be mapped 
using standard ELISA assays and competitive ELISA assays 
as described below. Peptides which are useful for ELISA 
assays include: (l) a series of 24 or 25-mers 
representing the V3 loop sequences from a variety of HIV 

20 variants (Table 2); and (2) the MN substitution series, 
which includes a series of 12-mers corresponding to the 
MN V3 loop tip sequence (C) -K-R-I-H-I-G-P-G-R-A-F-Y-T-T- 
(C) , each having an alanine residue substituted for one 
of the amino acids starting at the first arginine (R) 

25 residue and proceeding to the tyrosine (Y) residue. In 
the substitution series a glycine was substituted for the 
naturally occurring alanine. Antibody recognition of an 
epitope contained within the MN sequence is revealed by 
loss of binding of the antibody to an alanine-substituted 

30 peptide, the alanine substitution having disrupted the 
binding interaction. 

Competitive ELISA assays were performed as for 
standard ELISA assays with the following modifications. 
Prior to applying the antibody to the plate, the antibody 

35 pr paration is incubated with a test peptide from the 
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groups listed abov at concentrations ranging from 10/iM 
to 0.0045/iH. If the test peptide competes with the 
immobilized immunogen for binding to the antibody, the 
ELXSA will reveal little or no binding of the antibody to 
5 the plate. 

The epitope recognized by gp41-directed antibodies 
can be mapped in a similar manner using an alanine 
substitution series based on the sequence of all or part 
of gp41. It is also possible to use peptides whose 
10 sequence corresponds to a portion of gp41. 
xn 7,nn P -Pirect^ firiM bodies 

Described below are two antibodies which 
recognizes sequences within the V3 loop of HIV-MN gpl20 
and which can be used to generate heteroconjugate 

15 antibodies. 

Hybridomas F59 and F83 were generated from 
immunization of BALB/C mice with the closed loop 
immunogen RP70 (Table 1) . Antibodies, designated 
F59/PSB3 (59.1), and F83/P6F12 (83.1) were identified as 

20 antibodies which are not strain specific. Alanine- 

substituted peptides that were capable of competing with 
RP70 for binding to the 59.1 antibody did not contain 
alanine substitutions within the G-P-G-R-A-F sequence. 
Similarly, peptides that contained the G-P-G-R-A-F 

25 sequence were able to compete with RP70 for binding to 
the 59.1 antibody, while those that did not contain this 
sequence (i.e. , RP129 and RP175) were not able to 
compete. These results indicate that the 59.1 antibody 
recognizes the G-P-G-R-A-F epitope. This sequence is 

30 present in a wide range of HIV variants. The strain 
specificity of the 59.1 antibody was analyzed using the 
above-described techniques. These assays indicated that 
59.1 recognizes the V3 loop of HIV-MN, KTV-SF2 , HIV-WMJ2 
and HIV-III B . 
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ELISA assays demonstrat d that the 83.1 antibody 
recognises the I-X-I-G-P-G-R epitope (where X is any 
amino acid). The strain specificity of the 83.1 antibody 
was analyzed using the above-described techniques. These 
5 assays indicated that 83.1 recognizes the V3 loop of HIV- 
HN, HIV-Alabama, HIV-S72, KTV-WMJ2, and HIV-Dufce 7887-7. 

Thus, we have identified and characterized two 
antibodies which recognize a number of HIV strains. One 
83.1 recognizes the epitope I-X-I-G-P-G-R (where X is any 
10 amino acid. Another, 59.1, recognizes the epitope 
GPGRAF. THe 59.1 antibody was used to generate a 
heterocon jugate antibody using the method of Scott et al. 
(J. Immunology 140:8, 1988). 

emAl-Dlrect-fl antibodies 

15 Recombinant gpl60 was used to generate monoclonal 

antibodies essentially as described above. ELISA assays 
demonstrated that one of these antibodies, 6C5, 
recognizes the portion of gp4l from amino acids 584 to 
611. This portion of gp41 does not vary significantly 

20 from one HIV strain to another. Accordingly antibodies 
directed against this region are not expected to be 
strain specific. This antibody was used to generate and 
purify heteroconjugate antibodies using the method of 
scott et al. (J. Immunology 140:8, 1988). 

25 OXT3/59.1 »nd OKT3/ fiCi Heteroconiuqate Antibpfljes 

The experiments described below illustrate the 
effect of two heteroconjugate antibodies, OKT3/59.1 and 
OKT3/6C5, on viral replication in CEM-ss cells (American 
Type Culture Collection, Bethesda, MD: Accession No. 
30 CCL119) infected with various strains of HIV. OKT3/59.1 
heteroconjugate antibody was produced by covalently 
cross-linking an anti-CD3 monoclonal antibody, OKT3, to a 
second monoclonal antibody, 59.1, directed against an 
epitope within th V3 domain f the gpl20 subunit of HIV- 
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101. 0KT3/6C5 heter conjugat antibody was produced by 
covalently cross-linking OKT3, to a monoclonal antibody, 
6C5, directed against a conserved epitope within residues 
584-611 of the gp41 subunit of HIV (numbering according 
5 to Ratner et al., Nature 313:277, 1985). CD3 is a 

receptor closely associated with, the T cell receptor for 
antigen (TCR) . When the infected cells are grown in the 
presence of cytotoxic T-lymphocytes, which express the 
CD3 receptor, these heteroconjugate antibodies of the 

10 invention dramatically decrease viral replication as 
measured by viral reverse transcriptase activity. 
Because reverse transcriptase activity is a sensitive 
measure of HIV activity, these results indicate that the 
number of virally infected cells is sharply decreased. 

15 without being bound to a particular theory, it appears 
that the heteroconjugate antibodies are promoting killing 
of infected cells by linking T lymphocytes to infected 
cells. 

20 The CTL line (1F8) used for testing the activity 

of heteroconjugate antibodies was prepared by a 
modification of the method of Scott et al. (J. Immunology 
140:8, 1988). Briefly, donor PBL were incubated in bulk 
culture with an allogenic EBV-transformed lymphoblastoid 

25 cell line (stimulator cells) for 7 days in RPMI 1640 
medium supplemented with 20* FBS (Gibco/BFL, Grand 
Island, NY) , supernatant derived from PHA-stimulated 
PBL, and 100 U/ml of recombinant inter leukin-2 . The 
cells were then cloned by limiting dilution (1 cell/well) 

30 in U-bottom trays. Irradiated autologous PBL and 

stimulator cells were used as feeders. The clones were 
screened for CTL activity (assessed by lysis of 
stimulator cells) and NK activity (lysis of K562 cells; 
CCL 243, American Type Culture Collection, Bethesda, MD) . 
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Clone 1F8 possessing CTL activity and not HK activity was 
selected. 

ftffpysQ.i n aeyaaaea y1r a1 »«*ll«<:ion as Measured PV 
pn wyB o Tmnserln* *^ activity in HIV-MN and HIV=III. 
5 Tnf»f*«d Cells 

Unless otherwise noted, CEH-ss cells (15,000 
cells/well in a 96 well plate) were infected with 64 
infectious units (IU) of HIV-III, or HIV-MN. At 18 hr 
post-infection, effector cells (1F8 cells 45,000/well) 

10 along with varying concentrations of either OKT3/59.1 
heteroconjugate or an equivalent amount of the 
unconjugated antibodies were added to the infected CEM- 
ss cells. The CTL were grown in RPMI 1640 with 10% FBS; 
Gibco/BRL) , and were washed with fresh medium prior to 

15 addition of antibodies. After 7 days cell-free culture 
supernatants were harvested and assayed for reverse 
transcriptase activity by the method of Willey et al. (J. 
Virol. 62:139, 1988). 

Referring to Figs. 1 and 2, OKT3/59.1 

20 heteroconjugate (filled diamonds) at 0.5 ng/ml - 

essentially eliminated reverse transcriptase activity in 
CEM-ss cells infected with either HIV-III B or HIV-MN. A 
mixture of unconjugated OKT3 antibody and 59.1 antibody 
(open squares) had no effect on the reverse transcriptase 

25 activity even at 2,000 ng/ml. 

Referring to Fig. 3, a separate experiment 
demonstrated that 0KT3/59.1 heteroconjugate has no effect 
on reverse transcriptase activity in the absence of CTL 
cells (filled circles) . Similarly, CTL in absence of 

30 OKT3/59.1 heteroconjugate (filled triangle) have no 

substantial effect on the reverse transcriptase activity 
of HIV-III. infected cells. Unconjugated antibodies in 
the absence of CTL (open circles) and CTL alone (open 
triangle) have no substantial effect on the reverse 

35 transcriptase activity of infected cells. Uninfected 
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cells (filled square) hav no d tectable revers 
transcriptase activity. In all cases CTL and/or 
antibodies were added 18 hr post-infection. 

The period of HIV infection prior to the addition 
5 of antibody and CTL was varied to determine whether 
longer periods of viral replication and thus increased 
viral spread affects the efficacy of the heteroconjugate 
molecule. CEK-ss cells were incubated with HIV-III, or 
HIV-HH (64 ZU) for 6, 18, 48 or 72 hours prior to the 
10 addition of antibody and CTL. Reverse transcriptase 
activity was measured 7 days post-infection. When 
infection proceeded for 6, 18 or 48 hours prior to the 
addition of OKT3/59.1 heteroconjugate and CTL, 0.5 ng/ml 
of heteroconjugate was sufficient to completely eliminate 
15 reverse transcriptase activity. Under the same 

conditions, a mixture of unconjugated 0KT3 antibody and 
59.1 antibody at more than 2.000 ng/ml was required to 
eliminate reverse transcriptase activity. If infection 
was allowed to proceed for 72 hours prior to addition of 
20 antibody and CTL, 1 ng/ml OKT3/59.1 was required to 
• abolish reverse transcriptase activity. At this time 
point unconjugated antibody at more than 2,000 ng/ml was 
required to eliminate reverse transcriptase activity. 

The in vitro potency of OKT3/59.1 heteroconjugate 
25 was further characterized by an experiment in which the 
concentration of antibody was held constant, but the 
ratio of CTL to CEK-ss cells was varied. In this 
experiment the concentration of 0KT3/59.1 heteroconjugate 
(1 „g/ml>, the number of CEK-ss cells (15,000/well) and 
30 the infectious dose (64 IU) of HPr-XH, or BTV-KN were 
held constant, and the number of CTL added to the 
cultures was varied. CTL and/or heteroconjugate antibody 
were added 18 hr post-infection and reverse transcriptase 
activity was measured 7 days post infection. Referring 
35 to Fig. 4, reverse transcriptas activity was completely 
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liminated at a CTL: CEM-ss rati f 0,1:1 and was 
partially eliminated (>. 60%) at CTL: CEM-ss ratios as low 
as .006:1. This result demonstrates that OKT3/59.1 
heteroconjugate is effective even when the number of 
5 target cells (CEM-ss) is significantly larger than the 
number of effector cells, a condition comparable to that 
observed in vivo* 

QKTi/gg.i is Effective Against Many HIV Strains 

To test whether the OKT3/59.1 heteroconjugate is 

10 effective against a variety of HIV strains, CEM-ss cells 
(150,000/well in 24 well plates) infected with 100-1000 
IU of HIV. At the time of infection a 3-fold excess of 
CTL (450,000/well) and 1 pg/ml Of OKT3/59.1 
heteroconjugate (or 1 vg/ml of a mixture of monomer ic 

15 antibodies) were added to the culture. Cultures were 
split 3 times per week and culture supernatants were 
collected at four or five day intervals for assay of 
reverse transcriptase activity. After the initial 
addition of antibody no further antibody was added. Thus 

20 splitting the culture decreases the antibody 

concentration and the absolute number of target and 
effector cells. As a control, CEM-ss were cultured with 
virus only. The HIV isolates tested and their V3 
sequences are listed in Table 2. 



WO 92/20373 



PCT/US92/03616 



- 32 - 

Table 2 1 V3 Loop Sequaneaa 
5 KN 



XRKRZBX q van AT TTTK 



_ - - H - - R 

1^ - * © 

Dote 6587-:5 V . B ----------H--- 

• -- S- T- -- -- -- H- -0 

SF2 ^ 5 

10 W2 V-RSLS R-RR 

III, KSI-CR 

DUKE 6587-7 T --o-------- x - A ~° 



DUKE 7887-7 



TSRG-R 1 *■ * " g 



. , ^ _ , j i that the amino acid at that position 

15 g ^■^r/^^nSSafSp^^tif in underlined 

Referring to Fig. 6 f compared to CEK-ss without 
added antibody or CTL (filled circles) , OKT3/59.1 

20 (unfilled squares) inhibited reverse transcriptase 
activity more than 95% in all cases in which the HIV 
isolate has the GPGRAF sequence (KN, Alabama, Duke 6587- 
5, III B r SF2, and WMJ2; panels A, B, D, F, G, and H 
respectively) . Two isolates, Duke 6587-7 (panel E) and 

25 Duke 7887-7 (panel C) having a CPGRA1 motif were tested, 
and one (Duke 6587-7) was inhibited. A mixture of 
unconjugated OKT3 and 59.1 (filled triangles) had no 
effect. 

fflT Vf r f wo^T-ogoniut T flt- TnMbits ypyprse Transcr i ptase 

30 fl^H^Htv of Tnfected Cells 

OET3/6C5 heteroconjugate was tested for its 
ability to inhibit reverse transcriptase activity of'HIV- 
TTTtt infected CEM-ss. Briefly, CEM-ss (15,000/well in a 
96 well plate) were exposed to 64 10 of HIV-III B . After 

35 18 hrs., CTL (45,000/well) and OKT3/6C5 heteroconjugate 
at various concentrations were added. Reverse 
transcriptase activity was measured 7 days later as 
described above. 
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R f erring to Fig. 6, OKT3/6C5 heterocon jugate 
(open circles) essentially eliminated reverse 
transcriptase activity at concentrations as low as 0.5 
ng/ml. In contrast, » mixture unconjugated OKT3 and 6C5 
5 had no significant effect on reverse transcriptase 
activity* 

OOT3/59.1 and OKT3 /fics Are cytotoxic in the Presence of 

CTL 

To test the cytotoxic activity of heterocon jugate 

10 antibodies, ve initially performed 51 Cr release assays in 
a model system using recombinant vaccinia virus-infected 
CV1 cells. Recombinant vaccinia virus which express 
either the HIV-III B env gene (VPE16) or HIV-MN (VMN) env 
gene were used to infect CV1 cells. A recombinant 

15 vaccinia virus which does not express an HIV env gene 
(VSC8) was used as a negative control. Mixed cell 
cultures were set up essentially as described for the 
reverse transcriptase assays. 1F8 cells were used as 
effector cells and were not by themselves cytotoxic to 

20 CV1 cells or vaccinia virus- infected CV1 cells. 

Referring to Table 3, OKT3/59.1 heterocon jugate at 
10 fig/ml lysed 58% of the VPE16 infected CV1 cells and 
62% of the VMN infected CV1 cells. Lyses of uninfected 
cells was very low. Cell lyses was similarly low when 

25 monomeric antibodies were added (data not shown) . That 
the maximum lysis using OKT3/59.1 was 60% as opposed to 
100% is probably the result of incomplete infection of 
CV1 cells by the vaccinia virus (Syncytia formation 
assays with limiting dilutions of CV1 cells indicated 

30 that approximately 50-60% of the cells expressing gplSO) . 
Heterocon jugates formed using 1C1 or 7C6, two antibodies 
which recognize epitopes at the carboxyl-terminus ofgpl20 
and which bind to cells expressing HIV env (as assessed 
by FACS) r were relatively ineffective in lysing cells 

35 infected with vaccinia virus expr ssing eith r HIV-MN r 
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Hiv-III B env pr t in. Apparently c 11 surface binding, 
although necessary, is not a sufficient characteristic by 
which to determine whether any given antibody can 
generate a cytotoxic hater oconj ugate antibody. 

5 Table 3: Cell Lysis by Heteroconjugate Antibodies 

~ percental Cft11 LvsiB 

^^mcon-tanata CV1-VSC SS21=2E£2> SWzSW 
10 OKT3/59.1 6 58 62 

OKT3/7C6 9 17 N»°« 

15 „ _ 

0KX3/1C1 1 18- «.P. 



fs M v of H? t-A ro eoniuaate Potency 

20 The assay described below is used to determine 

the potency of the heteroconjugate antibodies of the 
invention. By using a variety of HIV strains the breadth 
of reactivity of a given heteroconjugate antibody may 
also be determined. In order to accurately determine 

25 the potency of the heteroconjugate antibodies of the 
invention it is important to measure the effect of the 
heteroconjugate antibody on HIV infected cells under 
carefully controlled conditions. The preferred assay is 

described below. 

30 CEM-ss cells (150,000 cells/well in 24 well 

microtiter plates, 2 ml wells) are infected with 100- 
1000 infectious units (IU) of the desired HIV strain. At 
18 hr post-infection, 450,000 effector cells are added 
along with enough heteroconjugate antibody to make the 

35 desired initial heteroconjugate antibody concentration. 
The cells are grown under standard conditions and are 
split every 3 days. No additional heteroconjugate 
antibody is added, thus th het roc njugate antibody 
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concentration is halved each tia the culture is Bp lit. 
A control culture is set up and grown under exactly the 
same conditions but without hetero conjugate antibody. 
The reverse transcriptase activity of both cultures is 
5 measured 10 days post ^infection using the method of 

Willey et al. (J. Virology 62:139, 1988). Por HIV stains 
which take longer than 14 days post-infection to reach 
peak virus production, reverse transcriptase activity 
should not be measured at 10 days post- infect ion. 

10 Instead the reverse transcriptase activity should be 
measured at a time which is close to that of maximum 
virus production. 

The infectious units are determined according to 
the K&rber method. Because viral titer can decrease 

15 during storage, it is important that the viral stock be 
freshly titered. Viral stocks should be carefully 
prepared so that the number of defective viral particles 
is low. For example, the multiplicity of infection for 
preparing viral stocks should be 0.001, cells should be 

20 grown under conditions which allow logarithmic cell 
growth, and virus should be collected at the peak of 
virus production (as determined by maximal reverse 
transcriptase activity or p24 expression) . 
Engineered Heteroconiuaate Antibodies 

25 Since, for the most part, monoclonal antibodies 

are produced in species other than humans, they are often 
immunogenic to humans. In order to successfully use 
heterocon jugate antibodies in the treatment of humans, it 
may be necessary to create chimeric antibody molecules 

30 wherein the antigen binding portion (the variable region) 
is derived from one species, and the portion involved 
with providing structural stability and other biological 
functions (the constant region) is derived from a human 
antibody. Methods for producing chimeric antibodies in 

35 which the variable domain is derived from one species and 
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the constant domain is derived from a sec nd species are 
well known to those skilled in the art. See, for 
example, Neuberger et al., WO Publication Ho. 86/01533, 
priority September 3, 1984; Morrison et al, EP 
5 Publication Ho. 0,173,494, priority August 27, 1984. An 
alternative method, in which an antibody is produced by 
replacing only the complementarity determining regions 
(CDRs) of the variable region with the CDRs from an 
immunoglobulin of the desired antigenic specificity, is 

10 described by Winter (GB publication Ho. 2,188,638, 

priority March 27, 1986). Murine monoclonals can be made 
compatible with human therapeutic use by producing an 
antibody containing a human Fc portion (Morrison, Science 
229:1202, 1985). Single polypeptide chain antibodies are 

15 also more easily produced by recombinant means than are 
conventional antibodies. Ladner et al. (U.S. Patent Ho. 
4,946,778) describes methods for producing single 
polypeptide chain antibodies and these methods may be 
adapted to produce heteroconjugate antibodies. 

20 Established procedures would allow construction, 

expression, and purification of such a hybrid monoclonal 
antibody. Quadromas can be used to generate bispecific 
antibodies (Reading et al., U.S Patent Hos. 4,474,893 and 
4,714,681). 

25 2S£ 

The antibody of the invention is administered 
parenterally, either via the intravenous or intramuscular 
route. A typical treatment regimen would comprise 
administration of an effective amount of antibody 

30 administered over between about one week and about 6 
months. The number of treatments required to control a 
patient's disease may vary from individual to individual, 
depending upon the severity and stage of the illness and 
the individual characteristics of each patient being 

35 treated. The total dose required for each treatment nay 
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be administered by multiple doses or in a singl dose. 
The human monoclonal antibody may be administered alone 
or in conjunction with other HIV treatments, such as AZT, 
in order to control a patient's disease. 
5 Pharmaceutical compositions of he terocon jugate 

antibodies are produced according to the intended mode of 
administration and may include: liposomes, solutions, 
suspensions and microparticles. 

In some circumstances it may be desirable to 

10 administer the heterocon jugate antibody along with the 
appropriate effector cell (Nitta et al., The Lancet 
335:368, 1990). For example, peripheral blood 
lymphocytes (PBL) may be collected from an individual in 
need of treatment for HIV infection (or a compatible 

15 donor} and incubated with a he terocon jugate antibody 

prior to reinfusion of the cells. In some cases the PBL 
may be expanded in culture (Rosenberg et al. , Science 
233:1318, 1986). The PBL may also be incubated with 
inter leuJcins , interferons, or other immunomodulators . In 

20 addition the cells may be incubated with molecules such 
as receptor specific antibodies which will stimulate the 
cytolytic activity of the effector cells (Scott et al., 
Cellular Immunology 114:370, 1988). 



What is claimed is: 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION* 

(i) APPLICANT* Rapligan Corporation 

(U) TITUS OF INVENTION* HETEROCONJU»TE ANTIBODIES FOR 
TREATMENT OF HIV INFECTION 

(iU) NUMBER OF SEQUENCES t 



10 



15 



20 



25 



24 



(iv) CORRESPONDENCE ADDRESS! 

(A) ADDRESSEES 

(B) STREETS 

(C) CITY* 

(D) STATES 

(E) COUNTRY* 

(F) ZIP* 

(v) COMPUTER READABLE FORM! 

(A) MEDIUM TYPE* 

(B) COMPUTER* 

(C) OPERATING SYSTEM t 

(D) SOFTWARE* 



Fifth fi Richardson 
225 Franklin Straat 
Boston 

Massachusetta 

U«S«A« 
02110-2804 



3.5" Diakatta, 1.44 Mb 
IBM PS/2 Modal 502 or 55SX 
IBM P.C. DOS (Varaion 3.30) 
WordParfact (Varaion 5.0) 



(vi) CURRENT APPLICATION DATA* 



(A) APPLICATION NUMBER* 

(B) FILING DATE* 
30 (C) CLASSIFICATION* 

(Vii) PRIOR APPLICATION DATA* 

(X) APPLICATION NUMBER* 07/699,773 

(B) FILING DATE* 14-May-1991 



* 
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(viii) ATTORNEY /AGENT INFORMATION t 

(A) KAXSt „ Paul T. Clark 
5 (B) REGISTRATION NUMBERS 30,162 

(C) REFERENCE/DOCKET NUMBER I 00231/055NO1 

(lx) TELECOMMUNICATION INFORMATION! 

10 (A) TELEPHONE i (617) 542-5070 

(B) TELEFAX] (617) 542-8906 

(C) TELEX t 200154 

(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBERS li 

15 

(1) SEQUENCE CHARACTERISTICS ; 

(A) LENGTH t 6 

(B) TYPE: amino acid 
20 (D) TOPOLOGY i linaar 

(xi) SEQUENCE DESCRIPTION! SEQ ID NOt It 



25 Gly Pro Gly Arg Ala Phe 

5 

(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER! 2t 
30 (i) SEQUENCE CHARACTERISTICS t 

(A) LENGTHS 7 

(B) TYPEs amino acid 
(D) TOPOLOGYt linaar 



35 
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(Xi) SEQDENCE DESCRIPTIONS 6EQ ID HOl 2l. 

He Xaa He Gly Pro Gly Arg 

5 

5 

(2) otorkatios tor sequence msHTincaazoH humberi 3i 

(1) SEQUENCE CHARACTERISTICS I 
10 (X) LENGTH I 28 

(B) rmt i*** 0 *° ld 

(D) TOPOLOGYt linear 



15 



(xl) SEQUENCE DESCRIPTIOHt SBQ JO HOt 3 I 

Gin Ala Arg He L«u Ala Val Glu Arg Tyr Leu Ly« Asp Gin oln Leu 

5 • 10 15 



Leu Gly lie Trp Gly Cye Ser Gly Lye Leu He eye 
20 20 25 

(2} INFORMATION POR SEQUENCE IDENTIFICATION NUKBERt At 
(i) SEQUENCE CHARACTERISTICS I 

25 

(A) LENGTH: 17 

(B) TYPSt anlno acid 
(D) TOPOLOGY: linear 

30 (xi) SEQUENCE OTSCRIPTIONj SEQ ID HOt 4t 

Lye Arg Ly. Arg He Hie He Gly Pro Gly Arg Ala Phe Tyr thr Thr 
5 10 15 

35 Lye ' 
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(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER I 5 s 
(i) SEQUENCE CHARACTERISTICS? 

5 

(A) LENGTH x 5 

(B) CTPEt asino acid 
(D) TOPOLOGY i linaar 

10 (xi) SEQUENCE DESCRIPTION s SEQ ID NOi 5s 

lie Gly Pro Gly Arg 
5 

15 

(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBERS 6s 
(i) SEQUENCE CHARACTERISTICS t 

20 

(A) LENGTHS 24 

(B) TYPEs amino acid 
(D) TOPOLOGY s linear 

25 (xi) SEQUENCE DESCRIPTIONS SEQ ID NO J 6s 

Tyr A«n Lya Arg Lya Arg Ila Hi« Ila Gly Pro Gly Arg Ala Pha Tyr 
5 10 15 

30 Thr Thr Ly« Aan Ila Ila Gly Cya 
20 

(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBERS 7i 
35 (i) SEQUENCE CHARACTERISTICS s 



WO 92/20373 



PCT/US92/03616 



- 42 - 



(A) LENGTHS 11 

(B) TTPI. « aino » cld 
(D) TOPOLOQTt * lin.ar 

(xlj SBflDBHCX DESCRIPTIOHl SXQ ID HOt 7l 



Il» Hi* XI* Oly Pro Cly Arg Ala Ph. lyr Thr 

10 



5 *° 



15 



(2} INFORMATION FOR SEQUENCE IDENTIFICATION NOHBSRi 8« 
(1) SEQUENCE CHARACTERISTICS I 

(A) LENCTH: *° 

(B) TTPEt Bmlno acld 
(D) TOPOLOGXi linear 

20 (xi) SEQUENCE DESCRIPTION! SEQ ID HOi Bi 

XI. A.n Cy« Thr Arg Pro A.n Tyr A.n Lye Arg Ly. Arg Xle Hie II. 

5 10 15 

Cly Pro Gly Arg Ala Pb. Tyr Thr Thr Ly. A.n Xle II. Oly Thr II. 
25 20 25 30 

Arg Cln Ala Hie Cye Aen lie Ser 
35 *0 

C2) IHFORKATIOH FOR SEQUENCE IDENTIFICATION NUMBER I 9l 

30 

(i) sequence characteristics > 

(A) LENGTH I 21 

(B) TTPKt ■« llno acld 
35 (D) TOPOLOOYi liMar 
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(xi) SEQUENCE DESCRIPTIONS SEQ ID HOs 9t 

Ser Gly GXy Thr Arg Lye Cly II* His Xle OXy Pro Cly Arg Ala Hi 
5 5 10 15 

Tyr Cly Oly Ser Cye 
20 



(2) IHfORHAXION FOR SEQUENCE IDENTIFICATION NUMBER i lOl 

10 

(I) SEQUENCE CHARACTERISTICS t 

(A) LENGTHS 20 

(B) TYPXs amino acid 
15 (0) TOPOLOGY i linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID HOs 10s 



20 ser Gly Gly Thr Arg Lye Ser lie Ser lie Gly Pro Gly Arg Ala Phe 

5 10 15 

Gly Cly Ser Cy» 
20 

25 

(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBERS lis 

(i) SEQUENCE CHARACTERISTICS s 

30 (A) LENGTHS « 

(B) TYPES amino acid 

(D) TOPOLOGYt linear 

(Xi) SEQUENCE DESCRIPTIONS SEQ XD HOs lit 

35 
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S.r Oly Gly Hi* XI* Cly Pro Cly Arg Ala Tyr Ala The oly oly 
5 10 " 

Oly Smr Cy« 

5 

(2) INFORMATION FOR SEflOBHCB IDENTIFICATION HOMBEAl 

(i) SEQUENCE CHARACTBRISTICSt 

10 (A) I*HGTHi 10 

(B) TXPBt « aino »° id 

(D) TOPOLOGY* linaar 



15 



(Xl) SEQUENCE DESCRIPTION: SEQ ID HOt 12l 



cys His Xla Cly Pro Cly Arg Ala Phe Cya 
5 10 



20 

(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBBRi 13* 

(i) SEQUENCE CHARACTERISTICS i 

25 (A) LENGTH: 25 

(B) TXFSf ^ * cld 

(D) TOPOLOGY « linaar 



(xl) SEQUENCE DESCRIPTION! SEQ ID HOt 13 1 



30 



Aan A-n Thr Arg Ly. Ser II. Arg Urn Gin Arg Oly Pro Cly Acg Ala 

5 10 15 

Phe val Thr Ila Cly Lya lie Gly Cya 
35 20 25 
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(2) INFORMATION FOR SEQUENCE IDENTIFICATION BOMBERi 14t 
(1) SEQUENCE CHARACTERISTICS I 

5 

(A) LENGTH! 26 

(B) TTFXl * cld 
(O) TOPOLOOTi linear 

10 (Xl) SEQUENCE DESCRIPTION: ESQ ID NO: 14 I 

Cya A.n Aan Thr Arg Ly. Ser XI. Arg lie Oln Arg Cly Pro Oly Arg 
5 10 15 

15 Ala Phe Val Thr He Oly Lya XI* Oly Cye 
20 25 

(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER: 1S» 
20 (i) SEQUENCE CHARACTERISTICS t 

(A) LENGTH t H 

(B) TYPE: Mi-no add 
<D) TOPOLOGY i linear 



25 



(xl) SEQUENCE DESCRIPTION I SEQ ID HOi ISt 



lie Thr Lye Cly Pro Cly Arg Val He Tyr Cye 
30 5 10 

(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER: 16l 
(i) SEQUENCE CHARACTERISTICS : 

35 
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(A) LENGTH: 16 

(B) TYPSi anlno acid 
(D) TOPOLOOY1 linear 

(xi) SBQOBHCB DESCRIPTIONS SEQ ZD HO I 16 1 



Cy. Ly . Arg il. Hi. II. Cly Pro Oly irg iU Ph. Tyr Ihr Thr Cy. 
5 10 



15 



10 

(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER: 17l 

(i) SEQUENCE CHARACTERISTICS I 

15 (A) LENGTH » 17 

(B) TYPE: amino acid 

(0) TOPOLOGY t linear 



(Xi) SEQUENCE DESCRIPTION! SEQ ID HO» 17» 



20 



Lye Arg Lye Arg He Hie He Gly Pro Gly Arg Ala Phe Tyr Thr Thr 
5 10 15 

Lya 

25 

(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUHBERl lBi 

(i) SEQUENCE CHARACTERISTICS t 

30 (A) LENGTH « 1' 

(B) TYPE* amin ° * cld 

(D) TOPOLOGY « linaar 



(xl> SEQUENCE DESCRIPTIONt SEQ ID HOi 18i 



35 
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Lys Lys Ser Arg He His II* Gly Pro Gly Arg Ala Phe His Thr Thr 

5 10 15 

Arg . 

5 

(2) INFORMATION FOR SEQUENCE IDENTIF I CATION NUMBERi 19 1 
(1) SEQUENCE CHARACTERISTICS t 

10 

(A) LENGTHS 17 

(B) TYPE: amino acid 
(D) TOPOLOGY t linaar 

15 (xi) SEQUENCE DESCRIPTION s SEQ ID NOl 19 1 

V&l Arg Am Arg lie Hie He Gly Pro Gly Arg Ala Phe His Thr Thr 
5 10 15 

20 Lye 

(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBERS 20s 
(i) SEQUENCE CHARACTERISTICS S 

25 

(A) LENGTHS 17 

(B) TYPES aaino acid 
(D) TOPOLOGY s linear 

30 (xi) SEQUENCE DESCRIPTIONS SEQ ID NOl 20$ 



Thr Arg Lys Ser He Tyr He Gly Pro Gly Arg Ala Phe His Thr Thr 
5 10 15 

35 Giy 
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(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBERi 21: 
(i) SEQUENCE CHASACTSRISTICSl 

5 

(A) LKHCIHt 17 

(B) Rill « niao 
(D) TOPOLOGY t linear 

10 (Xl) SEQUENCE DESCRIPTION: SBQ ID HOt 21 1 

Val Arg Arg Ser Vgm Bar He oly Pro Gly Arg Ala Phe Arg Thr Arg 
5 10 » 

15 Glu 

(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBERS 22: 
20 (1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 

(B) TYPE I I* 1 * 0 • cid 
(D) TOPOLOGY: linear 

25 

(xl) SEQUENCE DESCRIPTION: SEQ ID NOi 22: 



Lya Ser He Arg He Gin Arg Gly Pro Gly Arg Ala Ph. Val Thr He 

e 10 15 

30 5 10 

Gly 



(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER: 23: 

35 
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(I) SEQUENCE CHARACTERISTICS t 

(A) LENGTHr 17 

(B) TYPE: amino acid 
5 (D) TOPOLOGY t * linear 

(xi) SEQUENCE DESCRIPTION t SEQ ID HO I 23 1 

10 Thr Arg Lya Oly lie Him lie Oly Pro Oly Arg Ala He Tyr Ala Thr 

S 10 15 

Gly 

(2) INFORMATION PGR SEQUENCE IDENTIFICATION NUMBER; 24 1 
(i) SEQUENCE CHARACTERISTICS t 



15 



(A) LENGTH I 17 

(B) TYPE: amino acid 
20 (D) TOPOLOGY t linear 

(xi) SEQUENCE DESCRIPTION! SEQ ID NOt 24s 



25 Thr Ser Arg Gly Ho Arg He Gly Pro Gly Arg Ala He Leu Ala Thr 

5 10 15 

Glu 
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Claims 

1 1. A heteroconjugate antibody comprising a first 

2 and a second portion joined together covalently, said 

3 first portion comprising an antibody directed against an 

4 antigen present on the surface of an effector cell of the 

5 peripheral blood, said second antibody portion comprising 

6 an antibody directed against a V3 loop sequence of the 

7 gpl20 envelope protein of HIV MN or a HIV MN viral 

8 variant expressed on the surface of HIV-infected cells, 

9 wherein said heteroconjugate antibody at an initial 

10 concentration of 20 ng/ml in a first mixed cell culture 

11 comprising said effector cells and CEM-ss cells infected 

12 with HXV-MN decreases the reverse transcriptase activity 

13 of said first mixed culture cell by at least 80% compared 

14 to the reverse transcriptase activity of an otherwise 

15 identical second mixed cell culture comprising said 

16 effector cells and said CEM-ss cells infected with HIV- 

17 HN, wherein said effector cells are in 3-fold excess over 

18 said CEM-ss cells in said first and second mixed cell 

19 cultures, said reverse transcriptase activity is measured 

20 ten days after infection, said heteroconjugate antibody 

21 and said effector cells are added to said CEM-ss cells in 

22 said first mixed cell culture 18 hours after infection, 

23 and said first and second cell cultures are infected with 

24 100-1000 infectious units of HIV-MN. 

1 2. The heteroconjugate antibody of claim 1 where 

2 in said decrease in said reverse transcriptase activity 

3 of said first cell culture is greater than 90% compared 

4 to said reverse transcriptase activity of said second 

5 mixed cell culture. 

1 3. A heteroconjugate antibody comprising a first 

2 and a second portion joined together covalently, said 

3 first portion comprising an antibody directed against an 
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4 antigen present on the surfac f an effector c 11 of the 

5 peripheral blood, said second antibody portion comprising 

6 an antibody directed against a V3 loop sequence of the 

7 gpl20 envelope protein of HIV HN or a HIV MN viral 

8 variant expressed on the surface of HIV-infected cells, 

9 wherein said he terocon jugate antibody at an initial 

10 concentration of 10 ng/ml in a first mixed cell culture 

11 comprising said effector cells and CEM-ss cells infected 

12 with HIV-MN decreases the reverse transcriptase activity 

13 of said first mixed culture cell by at least 80% compared 

14 to the reverse transcriptase activity of an otherwise 

15 identical second mixed cell culture comprising said 

16 effector cells and said CEM-ss cells infected with HIV- 

17 MM, wherein said effector cells are in 3-fold excess over 

18 said CEM-ss cells in said first and second mixed cell 

19 cultures, said reverse transcriptase activity is measured 

20 ten days after infection, said heteroconjugate antibody 

21 and said effector cells are added to said CEM-ss cells in 

22 said first mixed cell culture 18 hours after infection, 

23 and said first and second cell cultures are infected with 

24 100-1000 infectious units of HIV-MN. 

1 4. A heteroconjugate antibody comprising a first 

2 and a second portion joined together covalently, said 

3 first portion comprising an antibody directed against an 

4 antigen present on the surface of an effector cell of the 

5 peripheral blood, said second antibody portion comprising 

6 an antibody directed against a V3 loop sequence of the 

7 gpl20 envelope protein of HIV MM or a HIV MN viral 

8 variant expressed on the surface of HIV-infected cells, 

9 wherein said heteroconjugate antibody at an initial 

10 concentration of 5 ng/ml in a first mixed cell culture 

11 comprising said effector cells and CEM-ss cells infected 

12 with HIV-MN decreases the reverse transcriptase activity 

13 of said first mixed culture cell by at least 80% compared 
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14 to the reverse transcriptase activity f an therwis 

15 identical second mixed cell culture comprising said 

16 effector cells and said CEH-ss cells infected with HIV- 

17 HN, wherein said effector cells are in 3-fold excess over 

18 said CEM-ss cells in said first and second mixed cell 

19 cultures, said reverse transcriptase activity is measured 

20 ten days after infection, said heteroconjugate antibody 

21 and said effector cells are added to said CEM-ss cells in 

22 said first mixed cell culture 18 hours after infection, 

23 and said first and second cell cultures are infected with 

24 100-1000 infectious units of HIV-MN. 

1 5. A heteroconjugate antibody comprising a first 

2 and a second portion joined together covalently, said 

3 first portion comprising an antibody directed against an 

4 antigen present on the surface of an effector cell of the 

5 peripheral blood, said second antibody portion comprising 

6 an antibody directed against a V3 loop sequence of the 

7 gpl20 envelope protein of HIV MN or a HIV MH viral 

.8 variant expressed on the surface of HIV-infected cells, 

9 wherein said heteroconjugate antibody at an initial 

10 concentration of 1 ng/ml in a first mixed cell culture 

11 comprising said effector cells and CEM-ss cells infected 

12 with HIV-MN decreases the reverse transcriptase activity 

13 of said first mixed culture cell by at least 80% compared 

14 to the reverse transcriptase activity of an otherwise 

15 identical second mixed cell culture comprising said 

16 effector cells and said CEM-ss cells infected with HIV- 
MN, wherein said effector cells are in 3-fold excess over 



17 



18 said CEM-ss cells in said first and second mixed cell 

19 cultures, said reverse transcriptase activity is measured 



ten days after infection, said heteroconjugate antibody 
and said effector cells are added to said CEM-ss cells in 
22 said first mixed cell culture 18 hours after infection, 
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21 
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23 and said first and sec nd cell cultures are infected with 

24 100-1000 inf ctious units of HIV-KN. 

1 6. A heteroconjugate antibody comprising a first 

2 and a second portion joined together covalently, said 

3 first portion comprising an antibpdy directed against an 

4 antigen present on the surface of an effector cell of the 

5 peripheral blood, said second antibody portion comprising 

6 an antibody directed against the amino acid sequence 

7 GPGRAF. 

1 7. A heteroconjugate antibody comprising a first 

2 and a second portion joined together covalently, said 

3 first portion comprising an antibody directed against an 

4 antigen present on the surface of an effector cell of the 

5 peripheral blood, said second antibody portion comprising 

6 an antibody directed against the amino acid sequence 

7 XXIGPGR, wherein X - any amino acid. 

1 8. The heteroconjugate antibody of claim 6 or 

2 claim 7 wherein said heteroconjugate antibody at an 

3 initial concentration of 20 ng/ml in a first mixed cell 

4 culture comprising said effector cells and CEM-ss cells 

5 infected with HIV-MN decreases the reverse transcriptase 

6 activity of said first mixed culture cell by at least 80% 

7 compared to the reverse transcriptase activity of an 

8 otherwise identical second mixed cell culture comprising 

9 said effector cells and said CEM-ss cells infected with 

10 HIV-MN, wherein said effector cells are in 3-fold excess 

11 over said CEM-ss cells in said first and second mixed 

12 cell cultures, said reverse transcriptase activity is 

13 measured ten days after infection, said heteroconjugate 

14 antibody and said effector cells are added to 6aid CEM- 

15 ss cells in said first mixed cell culture 18 hours after 
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16 inf cti n, and said first and second c 11 cultures are 

17 infected with 100-1000 infectious units of HIV-HN. 



x 9. The heterpconjugate antibody of claim 1 

2 wherein said heteroconjugate antibody at an initial 

3 concentration of 20 ng/ml in a first mixed cell culture 

4 comprising said effector cells and CEK-ss cells infected 

5 with HIV-III- decreases the reverse transcriptase 
activity of said first mixed culture cell by at least 80% 
compared to the reverse transcriptase activity of an 
otherwise identical second mixed cell culture comprising 

9 said effector cells and said CEM-ss cells infected with 

10 HIV-III-, wherein said effector cells are in 3-fold 

11 excess over said CEM-ss cells in said first and second 

12 mixed cell cultures, said reverse transcriptase activity 

13 is measured ten days after infection, said 

14 heteroconjugate antibody and said effector cells are 
added to said CEK-ss cells in said first mixed cell 
culture 18 hours after infection, and said first and 
second cell cultures are infected with 100-1000- 

18 infectious units of HIV-IIIj. 

10. The heteroconjugate antibody of claim 1 
wherein said heteroconjugate antibody at an initial 
concentration of 20 ng/ml in three or more mixed cell 
cultures each of which comprises said effector cells and 
CEM-ss cells infected with one of the HIV strains: 
Alabama, Duke 6587-5, Duke 6587-7, Duke 7887-7, SF2, 
WMJ2, and IIIB, decreases the reverse transcriptase 
activity of each of said mixed cell culture by 80% 
compared to the reverse transcriptase activity of an 
otherwise identical mixed cell culture comprising said 
effector cells and CEM-ss cells infected with said same 
strain of EZV, wherein said effector cells are in 3-fold 
xcess over said CEM-ss cells in said first and second 
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14 nixed cell cultures, said revers transcriptas activity 

15 is measured ten days after infection, said 

16 heteroconjugate antibody and said effector cells are 

17 added to said CEM-ss cells in said first mixed cell 

18 culture 18 hours after infection, and said first and 

19 second cell cultures are infected with 100-1000 

20 infectious units of said strain of HIV. 

1 11. A heteroconjugate antibody comprising a 

2 first and a second portion joined together covalently, 

3 said first portion comprising an antibody directed 

4 against an antigen present on the surface of an effector 

5 cell of the peripheral blood, said second antibody 

6 portion comprising an antibody directed against the amino 

7 acid sequence QARILAVERYLKDQQLLGIWGCSGKLIC. 

1 12. The heteroconjugate antibody of claim 11 

2 wherein said heteroconjugate antibody at an initial 

3 concentration of 20 ng/ml in a first mixed cell culture 

4 comprising said effector cells and CEM-ss cells infected 

5 with HIV-MN decreases the reverse transcriptase activity 

6 of said first mixed culture cell by at least 80% compared 

7 to the reverse transcriptase activity of an otherwise 

8 identical second mixed cell culture comprising said 

9 effector cells and said CEM-ss cells infected with HIV- 

10 MN, wherein said effector cells are in 3-fold excess over 

11 said CEM-ss cells in said first and second mixed cell 

12 cultures, said reverse transcriptase activity is measured 

13 ten days after infection, said heteroconjugate antibody 

14 and said effector cells are added to said CEM-ss cells in 

15 said first mixed cell culture 18 hours after infection, 

16 and said first and second cell cultures are infected with 

17 100-1000 infectious units of HIV-MN. 
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x 13. Th heteroconjugat of claim 1 or claim 11 

2 wherein said effector cell is chosen from the group 

3 consisting of cytotoxic T lymphocytes, neutrophils, 

4 monocytes/macrophages, and large granular lymphocytes. 



1 14. The heteroconjugate of claim 1 or claim 11 

2 wherein said antigen present on the surface of an 

3 effector cell is CD3. 



15. The heteroconjugate antibody of claim 1 
wherein said heteroconjugate antibody at an initial 
concentration of 200 ng/ml in a first mixed cell culture 
comprising said effector cells and CEM-ss cells infected 
with an HIV strain other than HIV-MN decreases the 
reverse transcriptase activity of said first mixed 
culture cell by at least 50% compared to the reverse 
transcriptase activity of an otherwise identical second 
9 mixed cell culture comprising said effector cells and 

10 said CEM-ss cells infected with said HIV strain other 

11 than HIV-MN, wherein said effector cells are in 3-fold 

12 excess over said CEM-ss cells in said first and second 

13 mixed cell cultures, said reverse transcriptase activity 

14 is measured ten days after infection, said 

15 heteroconjugate antibody and said effector cells are 
added to said CEM-ss cells in said first mixed cell 
culture 18 hours after infection, and said first and 



16 



17 



18 second cell cultures are infected with 100-1000 

19 infectious units of said HIV strain other than HIV-MN. 



1 
2 



16. The heteroconjugate antibody of claim 1 
wherein said heteroconjugate antibody binds to the V3 



3 loop of an HIV strain other than HIV-MN. 
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1 17. A phannaceutically acc ptable coznpositi n 

2 comprising a phannaceutically ef £ ctiv amount f a 

3 heterocon jugate antibody of claim 1 or claim 11. 

1 18. An HIV-targeted effector cell comprising: 

2 (a) an effector cell expressing a cell surface 

3 antigen; and 

4 (b) the heteroconjugate antibody of claim 1 or 

5 claim 11. 
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